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1
SURSTRAFE AND COLLEC I'OR GRID
STRUCTURES FOR INTEG LD
FPHOTOVOLTAIC ARRAYS ANT PROCESS OIF
MANUFACTURE OF SUCIT ARRAYS

CROSS REFERENCE T0» RILATED
APPLICATIONS

This upplication is a Continuation-in-Part ul LS, paient
application Ser. Mo, 106776,4R0 diled Feb. 11, 2004, now
abandemed entitled Mothods and Siructures lor the Contina-
ons Praductivn ol Metallized or Tlectrically Treated A rficles,
which is a Continualion in Part of ULS. patent application
Ber. No. 104/682,0973 filed Oct. B, 2003 antitled Substrate and
Collectar Cirid Stroeturgs for Integrated Series Connecred
Fhotovoltaic Arrays and Process of Manufactuze of Such
Arrays, which is a Contiuation-in-Part of U.S. patent appli-
callon Ser. Mo 10/186,546 filed Jul. 1, 2002, entitled Sub-
strate anil Colluclor Gnd Structures fnr Tnteprated Seriey

E
Cumnecled Pholeveltaic Arrays and Pracess ol Munufacture -

ol Suth Arrays, and now ahandoncd, wlich is a Continuation-
w-Part of 115, patent upplication Ser. Mo, 00/528,086, filed
Mar. 17, 2000, entilled Substrate and Collector Grd Strue-
wres Ter Inteprated §
and Process of Maunfacture uf Such Arrays, and now LS,
1%t Mo, 6,414,235, which 15 a Contimistiou-in-Parl of TS,

patent application Ser. Wo. 281,656, filed Mar. 30, 1999,
entitled Snbsteate and Collector Grid Structures for B
cally lulereonnecting Photoveltsic Armys aud Provess of
Manuliclure of Such Arcays, and now Pat. No. 6,234,
352. The enure contents of the alove ideulified apphications
are incorporated herein by 1his reforence

BACKGROUND OF TTE INVENTION

Phatovizltaie cells have develaped acenrding i two distinel
viilusds. The initlal eperational cells cinployed o matrix of
siugle crystal silicon apprapriately duped (o produce a plabar
P junction. Anintrinsic clectnc field established o1 the pen
Junetion produces a vallage by directing solar photon pro-
doced liles und [ree clectrons n oppasite dircelions, Despite
poud conversion efficiencies and lanp-terun reliability, wide-
spread energy collecuon using stogle-orystal silicon cells is
thwarted by the sxcoptinnally ldgh cost of single crystal sili-
uon material and interconnection procussing,

A secand approach o procice phatoveliale cells is by
duposiling thin phovelaic semiconductor Mlms on a sup-
purling substrate. Material requireinenls are mintmized and
lechnologies can be proposed lor mass production. 1
filn stenchacs can be desipned according ta doped homu-
Junetion lechnology such as that Involving sificon filus, or
can sniploy helerojunction approaches sncl: as (hose using
Cdle nrchaleopyrite materals. Despite sipnificant improve-
ments i individual cell conversion cfficiencies [or bath
singla uryslad and Lbin film approachas, pholovallaic energy
callection has been generally restricted i applications having
low power jequirciuents, One factor impeding developinent
of bulk puwer sysiems is the problem bl economically <al-
Jeeling the enerpy from an extensive colleclion surface. Pho-
tuvoliaic cells can be described s higl current, low voltage
devices. Typically wnddividual cell vollage is less than one woll,
The corent comprucut is s substantial characioristic of the
pewer penerated. Blficient enerpy colleetion lrum an expan-
sive surface must minimize resistive losses assotiatod witll
the high current characteristiv. A way 10 minimize rosistive
Iosses is 10 reduce the size of individual sclls angd connect
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them in sories. o, voltage is slepped through each cell
while current and associuled resistive Josses are minimized,

It is readily recognized that making effective, durable
serigs sonnections amowy mulliple small cedls can be labors.
anz, diffieultand expensive, In order to approach ceanomical
mass production of senes connected arrays ol individual
cells, a number of facrars nust be considered {n addition to
the type of photovoltaic materialy chosen. These include the
subsirate cployed and Lhe process envisioned. Since thin
Hilms van be deposited over expansive arcas, thin liln tech-
nrologies offer ndeditional opportanitics Tor mass production of
interconnected army= corupared (o inherently small, discrere
single erystal sificon cells, Thus a number of 175, Patonts
Irves iss ued proposing designs and processes to sehicve series
ilerconnections ameng the thin film photevoltade cells.
Many of these technolagics comprise deposition of photovel -
tak thin lilmy on glass substrates followed by seribing o form
smaller area udividual cells. Multiple steps then follow 1o
electricalty conncet the judividus] cells in sevies aray,
Examples ol these proposed processes are preseuted in U5,
Lat. Nos, 4,443,651, 4,724,011, and 4,762,086 10 Swarlz,
Tamer et aland Tanner of al. respectively. While expanding
the npparminitics tor wmasy production of imerconnected cell
wruys compared with single crystal siticon approaches, glass
subsirates must inhercotly be processed on an individual
hatch basis.

Muore recently, developers have axplored depositing, wide
aren films nsing continuous roll-le-roll processing, This fogh-
noloey peuerilly involves depositing thin films of plistevol-
Taiv walerdal onlo a continuowsly maving weh, However, a
clallenge still remains regarding swixlividing (he expansive
films imo individus] cells foliowed by interconnecting inte a
series connected array, For cxample, U5, Par. No. 4,065,655
T Gyinuner el al. and U8, Par. No. 4,657 04] to Okamiwa
Teuining expensive lascr seribing, and inter
conneclions achieved with lasor lLicat stakiog, In addition,
these twa relurences teach 4 substrite of thin vacuum depos-
ited metal on films of selatively expensive polymers. The
electrical resistance of thin vacuum mesallized layers signifi-
cantly Iinifs tle active area of the individua | interooumected
celly.

Tt has become well knawn i e art thal the efficiencies of
certaiti promising thin Hlin pholovoltaic junctions can by
substantinlly iucrcased by high temperamre trcatments.
These treatments dnvolve temperatures ot which oven the
most heatresistant plastics suffer rapid deterioration, thereby
requiring, vither ceramic, glass, or metal substrales (o support
the thin Lilm junctions. Use of a glass or coramic substrates
penarally resiricts one to batch prapessing and handling dif-
leulty, Use of & metal foil as a substrate allows continuous
roll-to-roll pracessing, However, despite the fact that use ofa
metal foil allows high temperature processing, in roll-to rolt
fashion, the subsequent interconnoction of individual cells
effectively in an inierconnected armay has proven difficulr, in
part bocase the metal foil substrate is electically canduct-
ing,

1.5 Fat. No. 4,746,618 fo Nalh ei al. tenches a dosipn and
process 1o achieve inlerconnectod arrays using roll-to-roll
processing o' a metal web substrale such as stainless steel,
The process inclindes multiple operations of entting, selective
depusilion, and riveting. Liwse operations add considerabiy
to the foal inrerconnceted array cost

118, Par. No. 5,385,848 to Griguaer leaches roll-to-roll
methods W achieve integrated series connectinng of adjucent
thin film photovoltsic cells supported on an eleetrivally con-
ductive medal substrate, The process includes mechanical ar
chemieal eleh removal nfa partion of he phatavotaic seui-
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condnatar wal trnsparent top electrade to cxpose a portion of
the clustrically conductive metal substrate. The exposed
matal serves 25 a confact area for luterconnecting adjacent
cells. These matenial removal iochniques are eronblesome fior
a number of reasons. First, many of the chemical elomenss
imrvnlvedd ol best photoveliale sciconductors are expen-
sive and environmentally undhendly, This removal subse-
quent 1o controlled deposition involves comaiwnent, dustznd
dirt collection aud disposal, and passible coll contamination.
This is nol oaly wastztul mt considerably adds o axpense,
Serondly, the remnval processes are diffienlt to contro)
dimensionally. This a signilicant amownt of e valusble
photovaltaiz semiconducior is lost 1o e removal process
Ulimate wodule efficiencies are further compromised in that
the spacing ketween adjucent cells grows, therchy reducing
the elfective active vollector area for 2 given module area,

Thus there remains & noed for un inexpensive manvFaclur-
ing process which allows high heat neatnent lor (hin film
rhoreveltic junctions while alse ollering unique means o
achieve effective intuprated series connectians,

A luriher unselved problem which has thwarted produc-
tion of mpansive surface photevolaic modules s ft of
onllecting the photogeneratod current fram the top, ipht juei-
denl surface. Trapsparen! condoctive oxide (10} layers
have boen employed o3 a top surloce electrode, However,
thise TOO layers are relarively resistive compared 0 purs
melals, This fhet fovess individual cell widths to be neduced in
order (o prevent nnacceplable resistive power losses. As cell
widihs docrease, the width of the arca between individus
cells {iuturconneet area) shonld also decrzase 5o 1hat The
relutive portion of inactive surfsce of the interconnuet aren
does not heeome xcessive, Typical cell widihs of one centi-
meter are aften taught in the an. These swall cell widths
demane vory fine interconnect ares widlhs, which dictste
delicate und sensitive fochniques to be used to clecirically
conrnect the top TCO surface of one cell to the bultom elec-
reda of an adiscent seoes conuscted cell. Purthormiore,
achicving goud stable ohmic conlact o the TCO cell surluce
fas proven diificult, vspocially when one employs those sen-
wifives techiniques avaitable wlen using the TCO only as Lhe
top eollector electrade. The problem of collecting photaval-
it generated enrronl [ron the top light iupinging surface of
a pholoveliaie vell has been addressed i a mimber ol ways,
nane cutirely successhil

I a somewhat remeved segment of technalogy, o nunber
ol alectrcally condustivi fillers have been vsed 10 produce
cleatrivally conductive polvinerc materials. This fechnology
wenerally lnvalves wmixing of the condvetive filler into e
polymer resin prior 1o fabrication of the material into its finnl
shape Coanductive [ers typigally consist of high as pecr rstin
particles sucl as meral fibers, mota] akes, or highly struc-
tured carbon Blacks, with 1the choice based on a number of
costiperformance  considerations. Eleclrically conduative
resins have beoy vsed as bulk thermoplastic compes tions, or
Tormulated o paiats, Their developinent has been spurred
inlarge part by elec romagneti; radiation shielding and staljv
dischanme requirements for plastic components vged in the
cleetronies industry. Other known applications include resis-
tve heating fibers and batiery components,

hyel another separati technological segment, electroplat-
mg au plastic subsirates hus been employed 1o schieve deco-
rafive effects ou ilems such as knubs, cosmetic clnsures,
Taueets, and avtomalive trim. ARS (acrylonitrile-butadisne-
styrenc} plastic dominates as e substrate of chiaice for most
appliealions because of » blend of meehanical wnd process
praperlies aad akility tw be nnifermly clehed. The overall
pluling process ouposes many sreps. Cirst, the phastic sub
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strate i chemically exehed fo mivrosvopically ronghen the
surlace. This Is fallowed by depositing an initial meta] layer
by chemical reduction {typically referred to as “cleciroless
plating”}. This initial welal layer is normally copper ur nickel
of thickness typicatly one-half micrometer. The object i then
electroplated with metals such as bright nickel and chromium
to achieve the desired hckness and decorative effects, The
process is very sensitive to processing, variables vsed 1o fab-
ricate the plastic substiate, Timitiug, spplications o carctully
mulded parts and desipns. In addition, the many SIS
employing, harsh chemicals make the provesy intrinsically
crstly and enwironmentally difficult, Vinally, the sensitivity of
ABRS plastic to liquid hydrocarbuns has prevented cerlain
applications. The conveutional iechnology for clectuplaling
an plastic (eluhing, chemical rednction, eleclroplating) has
heen extensively documented and diseussed in the pubiic and
commereial literature. See, for example, Saubestre, Transac-
tions ol le Institute of Motal Fuishing, 1962, Vol 47, or
Arcilesi ef al, Pradusls Finishing, March 1984,

A momber ol atiempts have heew mude (© simplify the
electroplating of plastics. If snocesslul such efforts could
resull in significam cost reductivns for electraplated plaslics
and could allow facile continvous electraplating ol plasties o
bo pravtically employed, thos permitling new applications.
Some simplification altempts invelve spocial chemical rech-
nigues, other than conventionsl electmltesy melal deposition,
1o producs an electrically conductive film on the surface.
Typical saarnples of the approach are wught by 1.8 Yat, No.
3,523,875 to Minkici, LS. Put. No. 3,682, /46 to Brown elal,,
and U8B, Pat. Mo, 3,619,382 to Lupinski, [he elecirically
conchietive surlace [ihn produced was inlended 0 be clestro-
plated. Multiple performauce problems thwarfed  these
ancuply.

Other appronches vonlemplate making the plastic surface
itself conductive enough to allow it 10 be electroplated
direetly thereby avoiding, thie “electroless plating” or Tuming-
tion processes. Efforls have been made 1o advance systems
comtemplating, meta] electrodeposition directly onto the sirs
face of polymers made conductive lhreugh incospormting
conductive fillers. When considering polymers rendered clec-
trivally conductive by louding with electrically conductive
lillers, it may be impodunt i distinguish between “micro-
scopic resistiviny” and “bulk” or macroscopic resistiving”,
“Microscopic resistivity” refers W' characteristic of u poly-
merffiller mix considered at a relatively small tinear dimesn-
sion of for example | micronuter or less, “Bulk” or “macro-
seapic weeislivily” refers to a charscterislic determined over
larper linear dimensions. ‘Lo illusirate the difference between
“mieroseopic” and “bulk, IMECroscopie” rasistivilies, one can
consider a polymer loaded with condustive Bbers at o fiber
Joading of 10 weight percent. Such u inaterial might show a
low “bulk, macroscopic™ resistivity when the messurement iy
made over a relalively larpe distance. Tlowever, hecause of
fiber separation {holes) such a camposite mipht not cxhibit
consistent “nudcroscapic” resistivity, When producing an
electrically conductive palymer inlended to he cleclroplared,
nne should consider “micruscopic resistivity™ in order to
achieve nniforny, “hole-lres” deposit coverape, Thus, it may
be advanlageous 1o consider conductive fillery comprisi
thuse that are relatively small, mt witl loadings sufficient (o
supply the required conductive conlaciing. Snch fillers
ihclude metal powders ang flake, meral costed mica or
spheres, venductive carbon black, conductive nanaparticle
materials, subdivided conductive podyeners and the Tike

Elforts to produce electrically sonduclive palyniers suit-
able for dimat electroplating have encountersd & number of
ohstacles. The first is the combination of fabrication difficnlry
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and material property delerioralion brought abour by the
heavy tiller loadings ofien requared. A second s the high cost
of many condnetive fillers cmpleyed suels ay silvor ake.

Another abstacle invalved i e clecttoplating ol slecir-
cally conductive polymors is a cousideration ol adbesion
between the electrodeposiled melal and polymeric substrate
(wtalfpelymer adhesion). In some cases such as electio-
forming, where the electrodeposited mofal is cvenlually
temoved from the substrate, motalfpolymer adhesion may
achally bo detrimentsl. However, in most cases sufficient
adhesion is required to prevent metalfpolymer separation cir-
ing extended environmental and nse cycles,

A mmber of metliods 1o enbanee adhesion have been
cinployed. Tor example, etching of the surface prior 1o plating
can he censideced . Eietiag e ofien be achieved by immer.
sioit o vigorous solutions such as cheomie/sulfone acid.
Altermatively, or in addition, an otchable speciey can be imeor-
poratd julo (e conduelive polymeric compound. The etch-
able speuies af exposed surfaces is remaved by immersion in
an elchant prior 1o cloetroplating, Oxidizing surluce (reat-
ments can alsa b consilered 1o unprove metal/plastic adhe
sion These include processes snch as flame or plasma treat-
menls or immersian in oxdizing acids

In the case of conductive polymers containing finely
divided melal, one can propose achieving direct metal-io-
metal adhesian between electiodeposit and filler. However,
here the mctal paricles are generally encapsulated by the
resin binder, often resulfing in a resin rich “skin™ To over-
come (hiy eflect, one could propose methods to remiove the
“skin®, exposing aclive metal filler o bond to subseauently
electadeposited metal

Another approach 1o hinpart adlesion beiween conductive
resin subsirates and eleciodeposits is incorporation of an
“adbesion prowmoter” at the surface of the electically condne-
tive resin substrate. This approach was taught by Chien e al,
in U.S. Pat, Mo. 4,278,510 where maleic snhydgde modified
propylene palymers were taughl as an adhesion promoter.
Lush, m US. I Ne. 3,865,690 taught that certain sulfuy
bearing cheancals could (nction fo improve adhesion of
inilially elecnmdeposited Granp VI metals.

An addditions) major obstacle confronling development of
cleehically conduetive polymeric resin compositions capable
of being dirsctly eleciroplated is the sl “hridoe™ of ¢lee-
trodeposit on the surface of the clectrically conductive resin.
la electradeposition, e subsirale 1o be plaled is often made
cathodic through a presswe contast to & metal contael tip,
ilsell under cathodic potentinl. Mowever, if tlie contact resis-
1B0Ce 15 excesive arthe substate s insoJiciently conductive,
the elecrodepasn current favors the metal contaet and the
electrodepost may lave dilfleully bridging 1o the substrate.
The “bridging” problem exiends to substrates having low
surface eomrent surrylng capacity sucl os vacuum metaflized
or chairolessly plaled films. In some cases, “burning™ or
actual “duplating” ol very thin metal deposirs can be experi-
enced dnring the initis]l morments of “bridge™ formation.

Marcover, o [urther problem is encountered even if spe-
clulized racking or contaeting, suscessfully avhieves slec-
Trodeposit budging to e substrate. Many of the electrically
conductive polymeric resing have resistivities lur higher than
these of typiscal metal substrates, Also in many cases, such as
the electroplating of condustive ink patterns or thin metal
fitms, the candustive matedal may be relatively thin. Ihe
mitial conductive substrate can be relatively limited in the
apunt o] elzcrodeposition current which it alome ean von-
way. In (hwse cases the initial conductive substrate may not
cover almost instantly witl ceetrodeposit as is typical with
thicker metallic substrates. Rather the elecirodeposit wver-
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age may result from lateral growih over the surface, with a
sipnifican portion of Qe vlectredeposition current, includisg
thal associated with the lateral electradepasit prowitly, passing
through the previously elecuodeposited metai. Lhis restrivis
ihe size and “growth length” of the substratc condustive pat-
e, Increases pisting costs, and van also resull in Jarge non-
unifrnitics in electrodepusitintegrity and thickness overthe
puitern.

Rates of this lateral prowth likely dopend o the ability of
the substrate.to convey currenl. Thus, the thickness and resis-
tivity of Ihe initial conductive substrate can be defining, fac-
tors in the ability 1 achieve satisfacmry clectrxdeposil cov-
erage rales, When dealing with extended electraplated
patllerns, Jong narrow metal traces are often desired, depasited
on retatively thin initial conductive substrates such as printed
mks. These factors of course work apninst achicving the
desired resuit.

Miis voverage rate problem likely can be characterized by
a vontinwuon, being dependent on many factors such ag the
nature oFthe mitially clestrodeposited meta), spplied vollage,
elestraplating bath sheunistry, e nalure of the polymenc
binder and the reststivity of the elactrically conductive pely-
meric substrate. As a “mile of thumb”, fle instal invenlor
estimates that coverage rale problems would demand atten-
tiun il the resistivity of the conductive polyweric substrate
rase ahove about 0.001 ohn-cin, Altcruatively, electrical cur
rent earrying capacily of thin ms is often reported as a
surfice resistivity in “ohms per square™. Using this measure,
the inventor estimates that coverage rate issnes may destamd
allention shouid the surface resistivity rise abave sbout 0.01
ohns per square

Beset with the prablems of achieving adhesion and satis-
fmctory clectrodepusit coverage rates, investigatoss have
aticmpted © produce directly electroplateable polymues by
teavily Joading polymers with relatively small conduclive
fliler particies. Fillars inctde finely divided metal powders
and Rake, conductive metal oxides and intinsically condne-
tive polymers. [eavy loadings may he sutficient to reduce
bath micrascopic and macraseopie resistivily W levels where
the coverape rate phencmenon wy be manageable. Tow-
ever, alteiupls 1 make an scceplable directly electroplateahic
resin using We relalively small fillers alone sncounter a niim-
ber of barriers. IFirst, the fine conductive fillers can be rela-
tively expensive. he loadings required o achieve the par-
tiele-to-particle proximify (o achieve acceptable conductivity
increases the cost of e polymerfiller blend dramarically.
The fine fillers may bring furller problems. They tend 10
cause deteriorntion ot he meclinical properties and proces:
ing characteristivs ol many resing. This significantly Grits
aptions iy resin seleciion. All palymer processing is best
achieved by formulating resins with processing characieris-
tics specifically tmilored w the specific process (injeclion
wmelding, extrusion, blow molding, prnting, eie.), A required
Dy Juading of flller severely restricts ability (o manipulate
processing properties in this way, A further problem is that
melal [illers can be ahrasive i processing machinery and may
require specialized screws, barrels, and rthe like. Finally,
despite being electrically conductive, » polymer filled with
conductive particles s1il) offers no mechanism tu producs
adhesion ol an electrodepasit since e parlicles may be
essentially coeapsulated by the vesin binder, often resuling in
3 nos-conductive or non-hinding resin-rich “skia”.

For the above reasans, fine conduclive particle containing
plastics have not been widely used as bulk substrates for
dircelly electoplateable mficles, Ratlier, they have found
applicalions in prodnctinn of conductive adhesives, pastes,
and inks. Recent activity hus been reported wherein palyarer
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ks hoavily Toaded with silver particles lave been proposed
Az a seed layer” upon which subsequent elecirodeposilion of
metal 15 achioved. Towever, high material costs, application
cuomplexity, electrodoposit growlh rte issues and adhesion
remam with these approaches, L additon, il has been
reparted that these {i7ms are typically deposited ot a thickness
o approwimately 3 inicrons resulting in a surface resistance
of approximately U5 okms per square. Sucl Tow curerent
carryiig capacity films likely would experience the electro-
plating problems discessed above.

The Jeast cxpensive (and least couductive) of the readily
availuble conducive fillers for plastics arc curbon blacks
Lypteally the resistivity ol a conductve polymer is aot
redneed brlow approsimately 1 ohm-cny using; carbon black
alone. Thus in s thin film form al a thickness ol 5 microns a
surface resistivity would typically be approximately 2,000
ohms per square. Aliemypts Lave been made to produce elec-
trieally couductive polymers based on carbon black loading
intended 10 e subsequently elociroplated, Examples of his
appsoachare the teashings of U8, Pat Mos, 4,038,042, 3,865,
699, aud 1,278,510 10 Adchngn, Luch, and Clicn el al,
respechvely

Adelman tanpli incorporation of ponduclive carbon black N

n1o o pulymeric matzx (o achisve electical conductivity
regnrad Jor electroplating. Ul subsirate was pro-ciehed in
chromicfsullure acid 1o achieve adhesion afthe subseguently
cleclrupluled metal. Fowever, the rates of cleetrodeposil cov-
crage reported by Adelman nay he insullicient for many
applicatians.

Luchm 1S Par, M, 3,865,699 and Cliien et a1, in 1S, Pat.
4278 530 wlso chose carbon black as o Bller 10 provide an
elsctncally sonductive surface for the polymeric sompounds
10 be cloctplated. The Luch Putenl 3,865 699 and the Chien
Patent 4,278,510 ure Lereby ncorporated in their entircty by
this relerance, However, thesc invinlors further anghl inelu-
sian of an eleclrodeposit coverage or growth rate accelerator
"o overcoma s gabauiu bridging snd latcral electrodeposit
prowih oove prohlons descrbed above An electrodeposil
caverage rate agceleralor is an additive fonctioning 1o
increaic 1ha cleetrodeposition eoverage rate over awd ahove
any atfeet it may have on e conductivity of an electrdcally
conductive polymer. Jn e embediments, exauples and
teachings of VLS. Par Mos. 3,865,609 and 4,278,511, it was
shewor that certain sulfor bearing materjals, including
cfemewtal sulfur, can function as etectrodeposit Loverape or
growlh rale acecluralors 1o overcome those problems nssoe -
ated with electricully conductive poly meric substiates Tvaviiy
relatively higl resistviny.

in addition to elemental selfur, sulfur in the form of sullur
donors such as solfur chloride, Z-mereaplo-benzothiaznle,
M-eyclohexyle-2-buzothizozole sulfonumide, dibuty] xan-
(hopen disultide, sl lelrametiyl thinraw disuifide or con-
binations of these aud sul fur were identilisd, Those skilied in
the art will rocomuize Lhat thesesnlfur donors are the malerials
which have been vsed or leve been prposed for use as
wuleanizing apents or aceelerntors. Since the palymer-based
compositions taughl by Luch and Chien ot al. conld be gloc
troplated direelly they conld be uccurately defined oy direcrly
eleclinplsteable resing [1ER). These DRR materials can be
senerully described as electrically conbuetive polymers cliar-
acterized by having an electically vonduclive surfhoe with
the inclusion ol un electondeposit coversge rate accelerator, Tn
the Tallowing, the acronym “DER™ will hc used (o desipnare
@ direcily ulectroplotealdle resin as deFned in this spectficy-
T
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Spozifically for the present invention, directly eleorrplate-
able resing, (DER), are characterized by the following, foa-
Tures
(a) presenve of an electically conductive polymer clurac-
Terized by having an clectrically conductive surfice;

(b} presence ulan electradeposit coverage rate acceleratur;

() prescnce ol the electrically vonductive perlyrer clar-
ucierized by having un electrically conduclive surface
nd the electrodepusil covernge rate accelerator in the
direetly electroplatenbls compusilion in cooperative
wmounts required 1o schieve direet coverage ul'the com-
position with an lectrodeposited metal or metal-basee
alloy.

iy Patents, 1 ueh specilically identified elastomers such
5 nalural mbher, palychloroprene, buryl rubber, chlorinated
butyl rubher, polybutadiene rubber, auryloniirile-butadicne
rubber, styrene-butadiene mbbur ele, as soitable for Lhe
wialrix polymer of a direety electioplateable resin, Other
polymess identified by Luch 2s wseful included polyvinyls,
polyolefing, palystyrencs, polyamides, polyesters and poly-
urethanes .

I his Parents, Luel identficd carban black as a means o
render a polymer and its surface electrically conduetive. As iv
knoanin the art, sther condustive [illers can be used toirnpirt
sonduetivity to a polywer. These include metallic Aaices or
puwders such as thuse comprising nickel or silver. Other
fillers such as inetal coated niinerals and certain meta oxides
may also soifive. Furthermore, one might expect that eeinpo-
sTions coaprising intrinsically condoctive poly mors may he
suifable,

Reparding electradepusii coverage rate acelerators, bath
Luch and Chien of al. in the shave discussed U8 Patents
demonstrated that sullur and other sullur bearing marteriuly
such as sullur donors and accelerators served this purpose
when using an inivial Group VITT “sike” layer, Que might
expect that nther elenents of Group A, nonmetals, sucl as
oxygan, selenium and telbun, could funcrion in o way
similar w sulfur. Inaddition, vlher combinatious of electrade-
pusited metals and nonmetal covernpg rale accelerntors iy
be identified. Finally, the electeadeposit voverage rate acgul-
erator may ol necessarily be a discrele material entity. Tor
example, flic coverage rate accoleratur may eemsist ol'a func.
tional species appended to the polymenc binder chain or
species adsorbed anto the surface of the conduc live filler. Iris
impunant to recognize that such an electrdeposit coverags
rate uccelerator can be extremely inportanl in ordor o
achieve direct eleetrdupusition in a practical way anto noly-
meric substrates Laving lov ennduetivity or very thiu eleclri-
cally conductive polymetic subsfratos having restricted cur.
rent carrying, ability.

As paiuled our absve iy this specificarion altempts to
dramarically sinsplify the procoss v electroplating on plastics
fave metwitl cummergial diflicullies. Novertheless, the cur-
rent inventar has persisted in personal efforts (0 overcome
certain performance deficicnvies associnted with eleciroplat-
ing, unilo material strciures having low current carrying ubil-
iy, condnctive plastics and DRER . Along with these effors
has come u recognition of unigoe and eminently suiluhle
applivations for clectrically condnctive pelymers and ofien
more specifically the DER reclinology. Some examples of
these anigne spplications for electroplated items inchiie
solar cell clectrical aurrent collection pridy and interconnect
structures, electieal circuits, elect rigal traces, cireuit boards,
dulennas, capacitors, induction heaters, CONNGEIOTY, SWitthes,
resistors, induciors, batferies, fuel cells, colls, signal linws,
power lines, radistion reflleclars, canlers, diodes, transisiors,
mezoelectric elenwnts, photovaltuic cells, emi shiclds, bio-
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sensons and sensors. Ooe reacdily rocopgndzes thal the demand
for such Funchional applications for clesiroplated ariicles is
relatively ceeent wnd Ly been particularly explosive during
he past desade

iteganding the DER technology, a frst recognition is that
the “microscepic™ matenal resisTivity pumerally is ol
reduced belew about | obm-cm, by using condustive carbon
black alane., Tlus is several orders of magnitude larger than
fypieal metal resistivities. Other well known finaly divided
conductive [llers {sueh as metal flakear powder, metal coated
minarals, praphite, or ather lunms of conduetive carbon) can
be considered in DR applications requiring lower “micro-
scopic’” resislivity, In (hese cases the more highly conduciive
lillers ean be considered ta angment or even replace lhe con-
duttive carbon black

Moreover, the “bulk, macroscopic” resistivity of conduoe-
tive carbon black filled polymers can be [urther reduced by
avpuewting e coarbon black filler wirh additivnal tighly
cuduciive, high aspect miio (ibers such as wctad contaning
fibers. This can bo i imperlunl consideration in the success
ot ecrlain applications such as achieving higher current car-
rying capacily for a buss, Furthermore, ooc should realize that
incorporaton of non-conductive fillers way increase the
“bulk, macroscopc” esistivity ol conductive polymers

landed with finely divided conductive fillers withant siguili- 2

eanlly aliering the “microscopic resistivity” of the concuctive
ralymer. This is an imponant recognition reparding DERCs in
it elecirodeposit coverape spead dopends on the presence of
anelectrodeposit coverape rate sceeleraor and on e micro-
scopic rosistivity” and less so on the “macroscopic resistive
ity” ol the DER formutation. Thus, larpe addilional loadings
of functional non-condictive lillers can be tolerated in [ER
formulations without undue sacrifice in 2lectrodeposit cover-
ape rates or adhesion, These additional nen-conductive Joud-
ings do not greally affect the " microscopic resislivily™ usso-
vialed with the polymertonductive {illerfelectrodeposit
coverage il srater “matrix” since the nen-canductive
filler =3 essentially encapsulated by “marrex” materisl. Con-
veutional “electroless” plating techmolugy does not permit
this compositianal Aexibility,

el another recupuition regarding, he DER teehnolopy is
its abulity 1o winploy polymer resing and formulations gener-
ally chasen in recopnition of Hie fabrivaiion process envi-
sioned and the intendked end use requirements. Tn order in
provide clarity, examples ol same such fabrication provesses
are presented immediately bilow i subparagraphs 1 through
G

(1} Should it he desired iv eleciroplate an wnk, paint, coat-
ing, or pastc whicl may be printed or formed an a

substate, a good Bl lorming, polymer, for example a s

soluble resin sucly as an elostomer, can be chosen 1o
Tabricare a IR ok (painl, vosling, pusie et ). The DE
ink sompesition can be (@ilored for a specific process
such Aexopraphic printing, rofary silk screenmg, wra-
vure printing, ow coaling, spraging ete, Furthcnnore,
addilives can be employed to inprove the adhesion of
the DR ink to vasious subsirales, One example wonld
be tackifiers.

{2) Shouid it be dosingd 1o eleciroplate a fibrie, a 1R ink

touostall ora portion of the fabric intended

Aeoplated. Turthermore, since DER's van be
faliric atu_l wutof lhethemmpmm materals commonly
wsid W create fabrics, the fabric itsalf could completely
or partially comprise 2 DER. This would eliminate the
need 10 cont the fabric.

{3} Sheuld one desire o slectroplate a themuotored
articie arstoncture, DIR's would represcit an eniinently
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sullable material choice. DER'S van be easily formu-
lated using olefinie materials which are vlien s preferred
maferial for the theonolorming process. Parthermore,
LILEE s can bo casily and inexpensively extruded ima the
sheel like siruciure necessary for the thermoforning
process.

{4) Should ene desire to clostroplate an exiruded article or
structure, lor example a sheet or film, NFER’s can he
lonnulaied o possess the necessary melt strougth
aduantagesns for the extrusion procoss.

(5] Should suc desire w injeclion mold an article or stoic-
o hiavingg tin walls, broad surface arcas cte. a DER
composition comprising a iph fow pulymer can be
chasen

(6) Should one desire to vary adhesion between an elec-
trodeposited IDER stmehire supported by u substrate the
DER materis! can be lormulated w supply the required
adhesive charcteristics 1o the substrate. For example,
thepalyimer chosen to fabricate 1 DER ink van be chasen
1o covperate witlh an “ink adhesion promating” surface
Ireaimen( such s a material primer or corena treatinent,
Inthis regard, it has boen observed thal it may be advan -
tageous to limit such adhesion promoting treatments to a
siagle side of the substrate. Treatment of both sides of
the substrate in a roll to roll process may sdversely affect
the surface of the TIER material awd muy lead Lo dete-
rioration i plateability. Tor example, it Las heen
obzerved that pritacrs on both sides of a reli of PRT Flm
hve udversely affected plateability of DER juks printed
on the PR It is believed that this is due w primer being
transferced o the surlace of the DER ink when the PET
is rolled up,

All polymer fabricanon processes require specifle resin
processing characteristics for suscess. The ability to “custom
formulate™ DR s to counply with these changing processing
and end vse requirements while still allowing facile, quality
electraplating is a significant factur in the teachings of the
current invention. Canventional plustic electroplating toeh-
nology does nul permit great flexibility 1o “custom lonmu-
late™.

Another important reeapnitiown regarding the suitabiliy of
DER's for ihe teachings of the current invention is the sim-
plicity of the eleciroplaiing process. Unlike many cunven
lional electroplated plastics, MRy do uol require a signifi-
canf pumber of process steps during 1he manufacring
pro This allows for simplified mauulucturing and
improved provess control, Tt alsn reduces the risk of cross
conlimination such as salution drageut [rom one process bath
being transported to another process buth. The simplified
manulaciuring, process will also resull in reduced manifac.
(uring costs,

Yot anoiher recognition of the bene(ll of DER's for the
teachings of the cinrent vention iy the ability they offir to
selectively electroplaic an article or structore. As will be
shown in [mer embodiments, it is often desired 1o electroplate
a prlymvr vr polymer-based struciore in » sejective manaer
LIR”s are eminently suitable [or such selective electroplat-
ing,.

Vet another recognition of the benefit of 13E10s for Lhe
teachings nfthe vurrent invention is their ability (o withstand
the pre-treatments often required to propare ulher materials
Tor platiiy, For example, were a DER 10 be combined with a
metal, e DR material would be resistant o many of the
pro-treatments such as vleaning which may b necessony o
electraplate i sl

Yel another reeopnition of the hencfit of 3ER™s for the
ferciungs vl the current invention s thal the desired platcd
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structure often requives the plating, of Tong, audior bruad sur-
tace arens. As discussed previausly, The coverpe male accel-
cralers included in DER lormulations allow for such
cuicded surlices Lo be covered in o relalively rapid manner
thus atlowing oue lu consider the use of electraplating of
conduelive polymers.

These and other atribures of NDER s in the pracfice of e
wastant ivention will beemue clear through the following
remaining specification, assompanying figures and claims.

o order Lo eliminole ambigniry in terminology, for the
present invention the Tollowing, defititions arc supplied:

“Mera)-based™ reters to a inaterdal or strochue having at
least one netallic property and comprising one ar more com-
ponenis at least une of which is & metal or metal-containing,
atloy.

“Alley™ refers 10 a substance composed of (wo or mare
intimaicly mixed materials,

“Group VT metal-based™ refors 1o 4 subsisnce containing
by weipht 0% 10 100% metal from Group VI of the Per-
adiv Table of Blements.

“Hlecteplaicable nuoterial” refers (0 & ninierial that exhibe.
ils v surlace that can be cxpused 10 an electroplating process
lo cause the surface 1o cover with clectrodepusiled niaterial.

ORIECTS OF THE INVENTION

Anobjeet o the invention is to eliminate the defcicncics iu
the privr art methods of producing expansive arc, series
interconnected photovaltaic armys,

A further abjoct of the prosent jovention is (o provide
improved pracesses wherehy exp;\nsive areq, intereomnecterd
phetovoliaie acrays van be cconomically mass produced

A further obpecl of Lhe invention 1% 1o pravide improved
processes and structurss tor supplying current collector grids
and interconnection stuctures

Other aihjeets and advautages will become apparent in light
of the following desuription taken in conjunciicn with the
drawings 2od embodiments.

SUMMARY OF THE INVENTION

thicurrenl invention provides a snlution 1o the stated ueed
by producing the aeiive photovollaic film and interconnecling
slruclure separately and subsegnently combining them ta pro-
duce the desired expansive infercomnected anay.

Inone embodiment, the rdercnnneet stocture is laminaled
tu b light incident surface nf a photovoltaie cel), If desired
lhe separately prepared ubmcennnuetion slraclure aliows the
phwlovollaic funcbon 1o be praduced in bulk. Futhermore,
the junction can be produced with u wide variety of photo-
volldie materinls including bt not limited to, single crystat
sificon, polyorystaltine silicon, amorphous silicon, €018,
CIGE, cadminm telluide, copper sullide, scmiconduetor
inks, polymer hased semiouduclor inks ete.

BRIEF DESCRIFTION OF TT10 DRAWINGS

FIG. 1 is o top plan view aof a strovture forming a siaring
artiele: for un embodiment of the inventiou,

G, 1A §s a top plan vivw of wother embodiment of a
starting article of the invenlion,

TG, 2 is 2 sectionw] view taken substartially front the
perspective of linas 2-2 ol TIG. 1.

TIT, 2A s n sectional view laken substannially from fhe
perspecrive af Tines 2A-24 ol TG, 1AL

FIG. 21 s 0 sectionnl view showing a possible stimemire of
e arficle o FIGR. 1 and 2 1o more detail.
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TIG. 3 is a sectional view showing snother cmbodiment af’
Ihe basic structure depicted in FIGE. 2.

F1G. 4 i a lup plan view showing the inital article depicted
in TIG. 1 Iollowing an additicnal processing step

FIG. § is a sertional view taken substantially from the
perspective of ies 5-5 ol TIG. 4.

PIG. 6 is anexploded scetiansl view of tl cncireled region
of FIi. 5 identilicd as 6-6.

FIGH 7 is 2 sectinnal view of the artivle uf FIGS. 4 Urough
6, taken fram a similar perspeclive of TIG. 5, showing the
UIGS. 4 Bough & embodiment foliowing an sddditional
optional processing step.

FIG. 8 iy un exploded sectianal view ofthe encircled ropion
of FIG. 7 identified as §-8,

VIG. 915 4 lop plan view of a photovaliaic cell uselul in the
practice of the invention

BTG 10 s 7 sectional view laken substantially from the
perspective of Hnes 10-18 of FI1G. 9.

FIG. 11 s an exploded seciional view showing the detail of
the structwre ideotiticd ws layer: 70 and 86 in FIG, 10,

163,12 is a sinplilied depicton of one farm of process
possible in the manutacture of the aricle cbodisd in FIGE,
9 and 10.

F18G. 13 s & seotional view showing one embodiment of an
arrangement appropriate w combine the arficles of FIG. 7
with (he article of FIGS. 9 and 10 o aclivve a series inter
connected phitovoltais assembly.

DESCRIPTION OF PREFERREL
EMBONIMENTS

Raference will now be made in deluil to the preferred
embodiments of the irveition, examples of which are illus-
trared i the accompanying drawings. e the drawings, like
reference numerals designate identical orenresponding parls
throughout several views and an additioial iter designation
is charactenistic of a particular embodiment.

Referring nowe to FIGS, { (hrough 3, there are shown
cutbodintents of 4 starting streture for a pridfinlerconnect
arficle of the invention. FIG. 15s a wp plan view o a poly-
meric film or plass article peperally identifed by nmerst 10,
Article 10 Tas width X-10 and length Y-10. Tength Y10 is
sometimes much preaier the width X-10 such that article 10
cant b provessed in essentially a roll4o-roll™ fashion, [Tow-
ever, this ts not nocessarily the case. Dimension “¥" can he
chosen according lo the application and process crvisiomed.
FIG. 235 a soctional view taken substantially from the per-
spective of lines 2-2 of TIG. L. Thickness dimension Z- (0 is
nermally small iz comparison 1o dimensions Y-10 and X .10
and thus sriicle L0 has a sheetlike structore. Arlicle 10 is
finther churacierized by laving repions ol essentially solid
strbefure sombined with regions having Loles 12 extending
firough the thickness Z-10. In the FIG. 1 embodiment, =
subslantially solid region is ponerally defined by a width We,
representing a onrrent collection region. The region with
throngh-loles {holey region) is gencrally delined by width
Wi, representing an interconnection region. Tmagirary Jine 11
separates e lwo regions. The reason for llwse distinetions
and definitions wilt become clear in light of the foliowing
teachings,

FIGS. TA and 24 is suother embodiment of a sheetike
structure similar to that crnbodied in FIGS. 1 and 2 bul zbsent
the throngt hsles pregent i the intorsonnection repion Wi ol
the vmbodiment of FIGS. 1 and 2,

The instant invention will be tsught using the strocture
cmbndied in FIGY, Land 2. Powever, anc skilled in the arl
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will readily recognize application of the teachings o tic
structire embuodicd in F1GS. 1A and 24 and other equivaient
structures when appropriatc

Referring now ta KIG. 2, article 10 has o [iest surface 20 and
and sirface 22 The sectional view of article 10 shown in
12165, 2 shows 4 single layer structure, This depichon is soit-
able for simplicity and clarity of presentation, Often, how-
ever, article 10 will he a laminate comprising wultiple layers
as depicted in FIG 213 lutlwe FIG. 2B embudiment, article 10
is scen o comprise multiple layers 14, 16, 18, ete. 1T mul-
lipke layers may comprise inorganic or Grganic COTIPONENTS
such as fhennoplasties, thermosets, or silicon containing
plass-like Tuyers. The varjous layers are intended ta supply
lvnclional atiributes such as emviranmental barrier protection
or adhesive characteristics. Such fnctional layering is well
known aud widely practiced in the plastic Tood packaping art,
In particular 1o Tight of the feachings o follow, one will
recognize thatil may he advantageous 1o have Jayer 14 form-
2 eomprise asealing malerial such as an ethylenc
1e (EVA) coniuining material for aghesive charac.
leristics during a possible subsequent laminafion process, For
example, the invention has bocn suceossfully demonstrated
using a standard laminating materal sold by GBC Corp.,
Naorthbraak, ML, 60062, Additional layers 16, 18 etc. may
cormprise materivls whick assist in support or pracessing such
ay polypropylere and potyethylene terepthalate and barrier
materials such as finarinated polymers.

As depicted in the cobodiments o T1GS. 1and 2, the sofid
rogivis We and “holey” regions Wiof siticle 10 comprise e
suuree material. This is not necessarily the case. For exwple,
the "holey” rogions Wi of article 10 cuvld comprise & fabric,
wOvCI Or nol-wovety, joined (o an adjacent snbstantially sofid
regicialoug imaginary ling 11, Hosvever, the materials forme-
ing (he solid region should he relabvely trausparent or Lrans-
lucent 1o visible lipht, as will be understood in Hght of the
renchings (o follow,

FECr. 3 depicts a1 cnbodiment wherein multiple widfhs
10-1, 16-2 cte of e geweral structire of FIGS. 1 md 2 arc
Jained topcilier e o generally repetitive pattern in the width
clweetion. As will become clear by the fallowing teachings,
such a slrue lure may be advantapeons incerlain appiicalions
ol photgvoltaic celi inlerconneation

FIG. 415 aplan view of the FIG T strocture L0 Sollowing an
additional processing step, and FIG, 5 iy 4 seclional view
faken along ine §-5 of FIG 4. 1 F1GS. 4 and 5, the article 15
now designated by the numeral 24 m reflect this addilional
processing. ln FIGS, 4 and 5, it i 1 lhat a patiern of
“lingers™ 26 has been formed hy matcrial 28 posilioned in a
pattem onte susface 20 of ooiginal artcle 10, “Fingers™ 26
extend erver thie widtly We ol the solid sheetlike stucture 24
The “fingers™ 26 sxtend to (he “holey™ interconneetion region
penerally dolined by Wi Porlions of the We reginn not aver-
Jayed by “fingers™ 26 remain transparent or franslncenl W
wisible light. The * Rngers” mey comprise clesirvally conduc-
Live malerial. Examples of such materials are meisl conain-
ing ks, patterncd deposited melals such as etched meial
patterns, intinsically condnetive polymers and DER formu-
lations, The “fingers” way vomprise materials intended
Jacihtate subsuguent deposition of conductive material i the
patiern defimed by the (ngers. An example of such a material
wonld be ABS, which can be catalysed to initisie chewscal
“uleelroless™ metal deposition. In a profirred embodiment,
(e “fingers™ comprise material which will enhance or alloe
subsequent metal cloctrodeposilion sucl a8 a DER. Lu the
embodiment ol F1GS, 4 uud §, the “Anpers” arc shown W be
a single layer [or simplicity of presentation. However, the
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“lingery™ van comprise multiple Tayers of differiag materials
chosen W support various functional atbibutes.

Continuing reference to FIGS, 4 and 5 ulso shows addi-
tenal material 310 zpplicd to the “holey” region Wi of article
24, As with the materia) cumprising the “finpers” 26, the
malerial 30 applied o the “haley” repion Wi is eilher conduc -
live or material imtended to promote subsequent deposilion of
condnctive material. In the embodiment of F1GS. 4 andt §, he
STty ™ epion lakes the gencral form of a “huss™ 31 extend-
ing in the ¥ 24 direction in communicatiow with the indi
vidnal fngers. Huwever, as one will undesstand throngh the
subsequenl leachings, the invention requires only thal con-
ductive communication sxtend from the lngers o a region Wi
intended 1o he cleatrically joined  the electrode of an adja-
conteell, The “loley” region Wi lhus does not reguire cverall
electrical continuity in the “Y direction as is characteristic of
& “tmss™ depicted in FIGS, 4 snd 5,

Relizrence (o FIG, 5 shows that the material 30 appliced to
lhe “huley™ interconnection repion Wi is shown as the saue as
lhat applied to fonn he fingers 26: However, tese malerials
28 and 30 need not he ideaical, In tivs cwbodiment material
30 applied 1o the “holey™ ropion extends through holes 12 and
onta the appasite sceond surluce 22 of article 24. This is bast
seen in FIG. 6, which s an exploded view of the portion ol
article 24 encircled by circle -6 of FIG. 5, The extension of
material 30 through the holes 12 can be readily accomplished
a5 a resull of (the relatively small thiclmess (7 dimension) ol
Ihe sheetlike article. Techmgues inclode two sided panting of
conductive inks, throngh hole depusilion ol chemicatly {oloc-
Iroless) deposited metal, through hole deposition of condne-
live inks and conductive palymers, and Mhrowgh hole elec-
trodeposition.

FIG. 7 35 a view similar 10 that o TIG. S following an
additional oplivaal processing step. FIG. § 15 an expladerd
view olthe portion ol FIG. 7 encircled there as 8-8 The article
embodied in FIGSE. 7 and 8 is desipnated by numeral 26 o
reflect this additional processiog. 11 is seen in F1GS, 7 and 8
that ihe additional processing has deposited highly cendue-
vive naterial 32 over (e originally free surfaces nf materials
28 and 30, Malerisl 32 is normally metsl-based sich as cop-
per or nickel, tin et Typical deposition Techaniques sucly uy
chemical orelecirochemical metal deposition can be used for
this agditional optional pracess o produce: the adicle 36, na
preferred embodiment, cloctrodeposition is chosen for its
speed, easc, and cnst ctlativiness,

Iisscen in FIGS. 7 and 8 that highly conductive materiat
32 extends throupgh beles 1o clectrically join and form 2lec-
trically conduetive sutties oo opposiie sides of aticle 36.
While shown as a sinple layer in the TIG. 7 and FIGS &
embodiment, the highly conductive materal can comprise
wwlliple layers to achieve functinnal value, In paricular, a
layer ol copper is often desirable for its high conductivity.
Mickel is often desired for its adlesion characteristics, plate-
ability and comosion resistanve. The exposed surface 39 of
matenal 32 can be sclected for corrosion resistance and bond-
mg ahifity, In particular, tin or tin contalniug alluys are o
possible choice of material fo fonn the exposed surface of
material 32, Tin and tin containing alloys melt al relatively
Juw temperatures, wiich may be desiruble Lo promote shmic
joining to nther cnimponcits in subsequent procassiug such as
Tamination.

The stmicfurcs and articles such as those embodied 1n
FIGS. 4 though § ure defined herein ss lorms of “intercon-
necling sleaps™ or simply “straps™.

Referring naw fo FIGS. 9 and 19, there 15 embodied 2 thin
film photoveltaic coll penerally identified by the sunral 40,
Cell 40 has o light incident top snrface 59 aud a bottom
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surface 66, Cell 40 has a widlh X -4 and length Y 40, Width
X-40) defines a first photovoltaic coll terminal cdge 45 and
second photovaltaic cell terminal edge 46, |n some cases,
pariicularly during initial cel! manufacture, dimension Y-40
may be considerably greater thun dimension X-40 such thal
cell a4 can pencrally be deserbed as “continuous™ or being
able to be processed w A mll-in-roll Tashion. Bowever, this
“eontinupus™ characterislic s not a requirement for he
mgtant ivention. FIG. 10 shows that cell 40 comprises a thin
film semicenductor sttcture 70 supporied on metal-bascd
Tonl 72, Pend T2 s & first surface 74, second surlice 76, and
thickness Z-40. Meial -based fail 72 may be of wviform com.-
posilion or may comprise o laninate of two or more metal-
based layers. For oxanple, foil 72 may comprise a base luyer
ol mexpengive and proves sable material 78 with an sdditional
melal-based layer 81 dispnsed herween hase layer 78 and
semicanduator material 70, The additional melal-based layer
may he chosen 1o ensore good ohunic cuntact between the lop
surlage 74 ol luil 72 wud semiconductor structure 70, Bottom

sulhce 76 of foil 72 muy comprise a material 79 chosen 1o 2

achieve pood eleclrical and mechanical joining characteris-
tics a5 will hetame cloar in the subsequent teackings, The
thickness 7.4l s often chosen such that cel]l 40 remains
flexdble for roll-lo-rol] handling and to minimize weight
[oweyer, the Dnvention i5 not limited 1o flexiblo, Hphtweih
cells and the teachings contsined herein cun be applied to
vipleedls suchas those comprising glass substrates or super-
sirates or lhose comprising single erysial silicon cells.

Semiconductor simemre 70 can be any ol the phutove) e
stroctures known in the art Inelidod are oulls sumnprising
single crystal silicon, polysrystalline silicon, thin film cells
such as thuse comprising CuS, C18, CIGS and CdTe, and cells
cnprising polymer based semiconductors. Tn itz simplest
farm, a photovoltaic oall sombines an n-type semiconducior
with a p-type seipiconduclor o Jom @ n-p junction. Most
ofcn anoplically transparent window electrode, idemtified as
86 in FIG. 10, such as a thia film of zinc or tn oxide is
employed fo minimize reststive losses involved in current
apllection. FIG. 1L illusiraies an example of a rypical phota-
vollate cedl structure in section. In the fignres, an armow
fabeled “hv' is used 1o indi he gt iucident side ol the
structure. In FIG. 11, i) represents o thin [ilm of a p type
semicnadneigr, 82 4 thin flm of n-lype semiconductor and 84
the resniting, photovoltais Junstivn. Window electrode 86
compteles the typical photavoltaly strugture.

BIG. 12 presents one method of mamfacture of o [oil
supparted photovaliaic structire such as cnibodicd in FIGS. @
and 10. The metal based foil 72 moved in thedircection of ils

lengih Y through a deposition process, peserally indicated by 5

numeral 90, Process 94 acenmplishes deposition of the aclive
photevoltaie structie onte Tl 72, Foll 72 is unwound from
supply roll Y2, passed througl deposition process 90 and
rewonnd onte wkeop roll 94, Process 90 can comprise any of
the processes well-known in the art for depositing thin film
photovotlale structures, These processes include cloctroplat-
ing, vacuum sputtering, and chemical deposition. Process 00
may alse inclide treatments, such ay heat reatments or shit-
g, intended to onhance perfonmauce or manulacioring abil-
Ty,

One methnd of combining the interconnect “straps”™
conbodied iu FIGS. 4-6 wid oplionally in FIGS. 7 and 8 with
the pholuvoltaic cells embodied 1n FIGS. ¢ and 10 is illus-
trated i1 F1CH 130 1n the FIG. 13 strueture, individual straps
36a, 36h, 30w, are combined with cells £0a, 405, $0c 10 form
a senies mtercanneuted amruy. This may be accomphshed vis
the: fisllowing process,
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L. An mdividual strap, such as 3ha, is combinod with 2 zell
such ag 4lle by posiioning, the froe surface 20008 solid
surlace region We of sirap 364 1o registration with the
light incident surface 59 of cell 4dn. Adhesion joining
the terin snrfaces tzaccomplished by a suitable provess, 1t
iy envisionsd that balch or conlinuous laminating pro-
cessimg, such s that widely used in the food packaging
indvstry would he nne suitahle method fo ascomplish
this snrfac joining. ln particular, the malerial lorming
Ihe remaining Iree surface 20 ofarticle 36a (that pertian
of surface 20 not ¢overed with conductive material 323
van be cliwsen o promote good adhesion between the
sheetlike article 36z and cell 40a during a surface Tarmi-
nating process. Also, as mentioned ahove, the nature of
the free surfsce of conduetve malerdal 32 may be
anipulaledand chosen (o further guarantee ahmic jain-
ing and adhesion, The Janinating process brings the
conduetive material of fingers 26 into frm and effective
coilact with the (ransparenl conductive rmatenal B6
forming surface 58 of cell 40a.
Subsequently or concurrently with Step 1, the eendne-
tive material 32 extending, over the sceond surface 22 of
strap 364 s ohinicly adhered to the boilom surface 66 of
cell 40z, This juining is accomplished by suiable elec-
rical jeimng techniques sueh as soldering, dveling, spot
welding or conductive adhesive application. The par-
licular vhunic joining technique is not shown in the FIG
13. [Towever, a particularly suitable conductive adhes fve
imone hased ona carbon black filler in a polymer matriz.
Suelr adbesive fonmulations are relatively inexpensive,
Despite the fael thal carbon black formulstions have
relatively high intrinsic resistivities {of the arder 1 ulun-
cm.), the bonding in this embodiment is aceomplished
tirongh a velatively fin adlicsive layer and aver a broad
surfnee. Thus the resulting resistance losses ae rela-
tively limited. Strap 364 extends aver the light incident
sirface of cell 406

Fi3. 13 cinbodies three cells assembled in a series srange-
ment using the teachings of the instant inventiou. In FIG. 13,
“I" indicated the direction of nef carrent Bow, [t is noled that
the arranpement of F1G. 13 resembles a shingling armanpe-
menl of vedls, bol with an important distinction. The priar are
shingling arrangements have meluded an overlapping of culls
ar & sacrifice of portions of very valnable cell surlace. In the
1945, 13 teaching, the benefits of the shingling inlerconnec
tion concept are achieved without any loss of pholovoliaic
surlace [rom shading by an overlapping cell. In addition, the
FIG. I3 urrangement retains & high dogres ol (exibility
besause there is no immediate overlap af the wmetal foil stroe-
lure.

g

EXAMP[.R

A standard plastic laminating sheet from GRC Corp. was

5 coated with DER in the pattern of repetitive finjors joined

alung, one end with a busslike stoctore resulting in an article
us embodied in FIGS. 4 throuph 6. The lingers wers 0.020
mch wide, 1.625 inch Jonp; aud wert repetiively separnted by
0.130 inch. The boss-like structuré which contacted the fin-
gers extendod in a direction perpendicular to the lingers as
sherenim FIGE 4. The buys like structore stricfure hud a width
Wi ol 025 inch. Both the Fupger pattern and buss-like struc-
ture were printed simultancousty using the same DER ink and
using silk sercew printing. The DER prinfing patlern was
applied W the laminating sheet snrface lormed by the sealing
layer [ie. that surface faciuy (o the ingide of the standard
sealing ponch).
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the Angorfbmss pattern thes produced on the laminarion
sheet was then electroplated with mckel in a standard Watts
niekel batliuta enrrent dopsity of S0 amps. por sq. fe A pprosd.-
wilely 4 micrometers of icke! thickness was deposited W e
overall pattern.

A photovoltaio cell Laving surface dimensions of 1.75 inch
wide by 2.0825 inch lowg was vsed. This cell was « ClG3
semiconductor type deposited nn 8 0OO1 inch stainless steel
snbatrate. A section of the Inmiasting sheat containing the
electroplated buss/linger patiern was then applied (o the (o,
light incident side of the cell, with the eleciroplated pric
finger extending in the width direction (1.75 inch dimension
yol the cell. Care was taken ta ansure that the bnss ar info-
connact wgion, Wi, of e clestroplared landnate did oot
overlap the cell surface. This resulied in s tota] cell surlace of
3.6) 5. inch. (2.0625"«1.75") wilh about 12% shading from
the grid, (i.c abemnt BRY% open arca for o ccdl)

The electruplaled “lngeruss™ on the Jamination film was
applied to the pholovellaic cell using a standard Xerox nffice
laminater. The resalting enmpletort coll showed poad appeac-
ance and connection.

The cell prepared as above was tested in direct sunlipht for
photovoliaie response. Testing was done at noon, Mompan
B, Calif, oo April 8 i full sunlight. The cell recorded un

open cirenil vellage o 0.52 Volis. Also recorded was a “short 2

cirenil” curren of 0.65 Amp. This indicates exceflent pawer
collection lram the cell at high cfficicnsy of sollection.

Alihough the present invention has been deseribed in con-
Junetion with preferred embadiments, il is 1o be undersfood
that modifieations, shernatives and equivadenls may be
nchuded wilhioul departing from the spirit and scope of the
invenlions, as those skilled in the art will readily naderstand,
Such modifications, aliernatives and equivalents are cousid-
ered 1o be within the purview and scope of the invenrion and
appended claims.

What is claimed is:
1A device comprising @ st pholovoltaic cell and an
weklitlonul interconneclion strueture, wherein,

said photevelinic cell comprises a cell budy, suid body
comprising scrucondoector mstens) @ Hpht Jneident lop
coll s face fored by o transparent or Inmslucent con-
shugtive material,

said addilional interconnection structure comprises a shee-
Ulike substrate, having overlapping first and second sub-
strate surfoces, said Frst substrate surface facing i a
direction apiposite snd awsy frow, said seeoud substrate
surlice;

said imerconnection structure further enmprizing a colles-
tion region and an interconncetion region;

st subslrate comprising said collection reglon s trans-
parent or lranslucent and has a patter: coamprising elec-
trically conductive material positioned over an said first
subsirale surlace,

said intereonnection rogion comprises addilional electri- s

cally econdislive malerial positioned over portions of
suid second subsirate surface, said additional ¢leetd-
cally canductive maierial boing in clectricat conununi-
calivn with said pattern through an electrical path nat
traversing said semiconductor maicnsl; and,

wharein said duvice comprises 2 combination of said pho-
lovoliaic cet! and said interconnection strughire soell
that said First substrare surface of said collection regivn
and said light incideni op cel] surface face toward esch
otlier su that physical contact is mare hetween the said
pattern oo the first substrate surlace and the said ligly
incident surface,
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2. The dewtce of claim 1 wherein said electrical communi-
catinn hetween said additional conductive material and said
pattern is establisbed uging holes extonding, Qrough said sub-
strute from suid (irst surlace o said second surfice, and
wherein electrically conductive material extends thrangh said
holes o ehecinivally connect conductive maierial positioned
on said first aud second surfuces of said subsirate.

3. The device of claim 2 wherein said substrate comprises
an clecirivally insulsiing layer of material, and wherein said
holes exiend throupgh said insulating laver.

4. The device of tlaim 1 further comprising a second pho-
wvoltaic cell, said second cell having &n electrical ly canduc-
tive hottom siwface partion facing away from a Lipht incident
wp eell surfsce, said second cell being positioned such that
sl conduelive butlom surfuce portion of said second cell
averlaps said interconnection region o said adeditional clec-
trically conducfive material positioned over said sceoud sur-
lace within said inlerconnection region contacts said botlom
conductive surface portion.

5. The device of claim 4 wherein there is substantially no
overlap between said Jirsl and second pholovollaic cells.

6. The device of claim 4 wherein hoth said first and sccond
calls have terminal odges defined by the extent of said semi-
conduclor imslenal, suid cells being inierconnected in series,
and wherein lhere is no subslantial separation, in a direction
parallel ra said light mcident surfaces of said cells, berween
adjacent terminal edges of said first ind secand eells required
tu mchicve said series interconnection.

7. The device of claim 4 wherein both said first and second
cells have terminal edges defined by the extent of said semi-
condnctor eaterial, said first aud seeend cells being inlercon-
et iu serivs, vaid device is cupable vlachieving said series
connection without requiring either avartappiog of said cells
or substantial separation ol adjucent 1ermiral edges of said
celly in g direction parallel to said light incident surfaces

8. The device of clain 4 wherein said electrical |y condoe-
tive bottam surface portion of said sccand celi camprises #
metal Toil .

9. Ihe device of claim 8 wherein said metal [oil comprises

a lantinare of multiple layers,
10 1he device of wlabn 8 wherein suid metu] foil is seif
sURPOrtiug.

11 1he devies of clain 10 whersin suid meta) foil com
prises slaintess stee]

12, The device of claim 1 wherein said sheetlike substrate
comprises 4 silicen containing layer.

L3 The device of claim 1 wherein said pattern compriscs
an electrically conductive polymer

14, The device of claim T whercin said pattor comprises
polymeric material characterized ‘as being sble o facilitate
deposition of meral.

15 The device ol clzim 1 wherein said pultem comprises s
directly clectroplateable resin (DER).

T4, The device of claim 1 wherein said pattern comprises
an clectrodepusil.

17. The deviee of claim 16, wherein said electradepasit
COMprises copper.

18, [he device of ¢claim 1 wherein a portion of said elec
trically conductive material of the patior and @ portion of
said additional conductive material of e inlerconnection
region constitute @ wonolithic stricturs.

19. Thedevice of claim 1 whersin said substrate eomprises
polymene miaterial.

20. The device nl ctaim 19 wherein said subsirale com-
prises multiple polymeric layors.
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21 The deviee of elaiw 1 wherein at least a portion of said
first substrute surlses comprising a material with adhesive
characleristic relative fo said light incident surface.

22, The device ol claim 21 wherein said matenial with
adhesive characteristic camprising A laminaiing adhesive.

23, The device of claim 1 whergin said patiorn comprises
mullipte substantially parallel fingers extending in a [irst
direction

24, The device of claim 23 whorcin said lngers are sub-
stantially roctanpilar in their cross seclion,

15, The device of claim 23 wherein suid additional electri-
cally conductive material positioned vver said second suhb-
strate surlave extends, inadirection substantially perpendicn-
Lar o sald fest direction spanning multiple said lingers.

26 The divice ol wlaim 1 whersin either of said patrern or
said additional electically condvetive malenis] comprises
prinied material

27. The device of ¢laim 20 whercin saild printed malerial
comprises o homogencous mixlure of conduclive particles in
& polymer matyix.

2%, The devive ol elaim 26 wherein said printed snaturial
comprises sibver or carbon biack,

29. The device of claim 1 whcrein vither vl said pattern or
said additional cloetrically conductive msterial enmprises
matal witl pielling poial at or below ihe melting point of tin.

M A device comprising pultiple photovol iaic cells and an
additienal intercunneciion stricture to achieve a serios infor-
couneclion between (we of said photovaltaic cells; wherein,

saicd 1w photaveliaic colls cacl have u cell body, said body

camprising « light incident iop surface formed by a
teansparcnt or ranslucent conductive material and fur-
ther womprising semicondactor material overlaying con-
duclive material forming a conductive botiom surface,

20
said conduetive battom surfsce facing away from sasd
lipht iucident surluce, said cell farther comprising, tor-
ninal edges defined by brundarics of said semivondue-
tor material;
said additional inferconnection structure comprising,
asheetlike substrate, said subsiratchaving uverlapping o
first anel second substrate surfsces, suid [irst surface
Taving, in « direclion opposite and away from said
seeomd surface;
said interconneetion structure further vomprising multiple
sfructural porlions, a first of said pentions is transparent
ur lrunslucent and has a first pattern comprising shectri-
cally conductive material positioned on said Arst sur-
face, and & second of said portions hus a second parier
womprising elecirically conduciive materinl positioned
un said second surface, wherein sasd Brst and second
patterns are i clectrical conununication;
said first structoral portion overlaying said lipht hcident
surlace ol fiest ol said cells sueh that saidt first substrale
surface of said first portion and said light incident sur-
face face each other and said first patlem contacts said
light incident surface;
suid sevond patiern and said eondustive boltem surface of
a second of said cells lscing each other such thar said
sucuond paltern s iz contact with said botiom conductive
surfuce of said second cell
1. The deviee of claim 30 wherein said first and second
pattons comprise u monolithic mareriat forming porticns of
both said first and secand patterns.
32, The device of claim 30 Jurther comprising said scoand
sfrocturel portion al least partially positioned oulside
boundiry lerminal edge of frst aell.
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